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Overview
This thesis culminated from an interest in addressing the pollution by the dye processes of 
the textile industry on the Earth’s waterbodies. The first Phase of this thesis explored the 
globalization of the garment industry. The movement of production was tracked over time 
from the 1950’s when production occured primarily in the United States and Europe to 
present day when production is worldwide. With the global spread of the industry came 
the global spread of its pollutants.
The second phase of the thesis investigated the functioning of the fashion industry itself 
to determine which process from production to distribution is the most taxing on the 
environment. It was supported through research that the dyeing and finishing process has 
the greatest impact on the environment. Both processes of finishing and dyeing require 
a great deal of water and large amounts of chemicals which are highly taxing on the 
environment. Further research on the production of garments in the United States, through 
case studies, led to an attempt to understand the environmental impacts of each production 
stage associated with water, and the potential for a design intervention to decrease the 
amount of pollution that is currently produced. 
The third and final Phase of this thesis focused on a proposal that addressed all of the 
issues previously studied in the thesis process. Throughout the thesis process, the scope 
of the project became exceedingly broad in an attempt understand the idiosyncracies of 
a very complex and opaque industry. This phase was a compartive study of alternatives 
for production within the textile industry.  The analysis culminated in the selection of 
phytoremediation, as the most appropriate option in terms of its social,  environmental, 
and economic impacts on both the industry and surrounding communities.. 
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The American Apparel Factory in downtown Los Angeles, California was the largest 
garment manufacturing company in the United States, meaning that it was the leader in the 
two percent of worldwide fashion production occuring in the United States.1  Los Angeles 
is the second largest manufacturer of textiles in the nation behind the Carolinas.2
Selection of the American Apparel site was based on the company’s work with the 
GreenPeace Detox your Fashion program and that it is one of the only companies that 
brings its clothes from field to fashion in the same location.3 The company’s business model 
is also unique for the industry as its focused on producing products locally, advocating 
against outsourcing beyond the state of California, to maintain the brand’s position as 
Made In America, and the industry construct that a garment can be produced all in one 
geographic location, within a more vertically integrated system.4 The American Apparel 
Factory was closed prior to the start of my thesis allowing for a blank slate site. The initial 
vision of the site never faultered as it was designed to be the face of the industry—one 
that was now the face of change for the industry. 
The site is also indicative of the environmental and social conditions of the industry on the 
global scale. In the international context, the textile industry is often connected to river 
systems, as they are used as both a watersource as well as a waste outlet.5 This behavior, 
however, has led to the environmental pollution of a crucial and depleting natural resource 
Photograph of American Apparel’s downtown location, image credit to Adam Millard
globally. In Los Angeles, the water issue is even more severe than at the global level, making 
the issue ever more present to address.The major environmental issue associated with 
Los Angeles, California is that until recently, it has been experiencing a severe drought—a 
major problem for a state whose industry is heavy in agriculture and industrial production, 
a problem exacerbated with the connections to the garment industry, a crop and water-
dependent industry, one that many people in the Los Angeles area rely on for their well-
being whether it be retailers, business owners within the fashion industry, or workers.6 
1. Li, Jan. “With sale to Canadian Firm American Apparel will be American No Longer.” Los Angeles Times. January 
11, 2017. http://www.latimes.com/business/la-fi-american-apparel-20170111-story.html 
2. Daniels, Jeff. California Drought: “LA Braces as Cotton Acreage Falls. “ CNBC. April 17, 2015. http://
www.cnbc.com/2015/04/17/california-drought-la-braces-as-cotton-acreage-falls.html.
3. John Deans. GreenPeace International.
4. American Apparel. Vertical Integration: Our Model. https://www.americanapparel.net/contact/vertical.html.
5.RiverBlue. Paddle Production Inc. 2013.
6. Daniels, Jeff. California Drought: “LA Braces as Cotton Acreage Falls. “ CNBC. April 17, 2015. http://www.cnbc.
com/2015/04/17/california-drought-la-braces-as-cotton-acreage-falls.html.
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The Chemical Footprint
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Abstract
This thesis investigates the environmental issues from the garment industry and the potential 
for an adaptive landscape solution to address the issue. The main question raised in this 
stage of the thesis is how can the wetland filtration process be utilized to remediate the 
pollutants from the garment industry? This phase began with the exploration of the history 
of the industrial revolution as it relates to the garment industry. This phenomena was 
tracked through its geographic re-location and connected the movement of the garment 
industry to the concentration of pollution within adjacent waterways. This pollution was 
produced during the dye and finishing processes within the industry, and consists of both 
organic and inorganic chemicals. These chemicals have various characteristics that lead to 
diverse remediation methods. To understand the different methods of remediation, two 
systems were studied: a mechanical wastewater treatment system and phytoremediation. 
The second system case study contextualized the issue, using an actual garment producer 
and documenting its pollution of the adjacent waterway. The final case study was a 
comparison of the living systems infrastructures to explore the potential for a (natural) 
and mechanically combined system to clean industrial pollutants. The identified problem 
with the new living system infrastructure is the scale at which these systems are able to 
operate; more specifically in relation to effectively remediating these pollutants, and the 
time it would take for these systems to make a discernable impact on the watersystems 
being polluted.
Greenpeace International: Chemical 
Pollution from the fashion industry into the 
Cihaur River. 2012.
Introduction Methods
Phase 1 was an investigation of the larger issue: pollution from the garment industry. When 
and where did the major industrialization of the garment industry originate, and why 
and where did it move to?7 The global relocation is important, as it lead to wide spread 
dispersal of industrial chemicals and the potential vegetal waste caused by the filtration 
process. Utilizing the knowledge, provided by Greenpeace’s investigation of the pollutants 
within the garment industry led to an investigation into the classification of these pollutants 
according to their classification of organic or inorganic.8 This classification is necessary to 
understand the potential for wetland plants to actually filter these pollutants. There are six 
mechanism by which plants can uptake pollutants: phytovolitalization, phytodegradation, 
rhizodegradation, phytometabolism, phytoextraction, and phytostablization. The process by 
which the plant uptakes the pollutants is determined by the chemicals composition.9 These 
investigations were followed by an exploration of case studies of mechanized and natural 
wastewater treatment systems: the Arcata Wastewater Treatment System in California and 
the East Calcutta wetlands. 10 11These were paired alongside a study of an active garment 
factory, located in China, where documented pollution into the adjacent water system is 
evident.12 The final case study presents the combination of the natural and mechanized 
system: the Living Machine developed by John Todd.13 Such a combination is the ideal 
system, but its effectiveness over time is still in question, as well as its potential to filter such 
complex industrial pollutants.
1. Research of the history of the garment industry from its predominance in the United 
States to overseas production.
2.Research of the pollutants associated with the textile industry, contextualizing their 
behavior to the general public to understand their potential for remediation
3. Case study evaluations of the mechanical, natural, and industrial methods of wastewater 
remediation.
7.US trade policy since 1934. Chapter 3. 59-123. 
8. Greenpeace. Dirty Laundry:Unravelling the corporate connections to toxic water pollution in China. Case 
Study 1: Youngor Textile Complex, Ningbo, Yangtze River Delta. 2012.
9. Kennan, Kate and Nial Kirkwood. Phyto: Principles and Resources for Site Remediation and Landscape Design. 
Glosgow, Bell and Bain Ltd., 2015. http://www.amazon.com/Phyto-Principles-Resources-Remediation-Landscape/
dp/0415814154.
10. The Arcata Wastewater Treatment Plant Processes. https://www2.humboldt.edu/arcatamarsh/overview.html.
11. Stephanie Carlisle. Productive Filtration: Living Systems Infrastructure in Calcutta Scenario Journal.2013.
12.Greenpeace. Dirty Laundry:Unravelling the corporate connections to toxic water pollution in China. Case 
Study 1: Youngor Textile Complex, Ningbo, Yangtze River Delta. 2012.
13. EPA. Wastewater Technology Fact Sheet: Living Machine. https://www3.epa.gov/npdes/pubs/living_machine.pdf
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Japan joins GATT and eventually gains 
its MFN status
The GATT long-term agreement 
regarding international textiles is 
established
VERs agreements are made with South 
Korea, Taiwan, Hong Kong, and Malaysia
The United States Signed numerous 
bilateral trade agreements  
This is the start of the globalization of 
trade
NAFTA was set up, to reduce the cost 
of trade and increase business invest-
ment 
The United States, Canada, and Mexico 
enter into a fair trade agreement
The FTA was renewed in the Trade Act
The United States established 8 bilateral 
agreements
The United States signed a regional free 
agreement with various Central American 
countries
NAFTA is signed into law; in strong 
opposition to United States environmental 
and labor forces
The Uruguay Round Agreement was 
passed
The World Trade Organization is 
established
Congress passed the Trade and Tariff Act 
benefiting free trade agreements
GATT Multifiber Agreement (MFA) is 
established
Australia, France, and the United 
Kingdom conclude VERS with Japan
The US Trade Expansion Act is 
established
Japan becomes an active participant 
in the textile industry. Restricted 
in amount of export to 1.5% of the 
United States
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Unravelling the Contamination
Map of pollution through time in 
relation to the United States and 
global trade from1950 to present 
time
US trade policy since 1934.
 Chapter 3. 59-123. 
The global spread of pollution by the 
garment industry today and the associated 
chemicals
persistent organic pollutants
heavy metals
cadmium 
mercury
lead 
n-alkyl anilines
brominated anilines
brominated benzenes
chlorinated benzenes
TMDD
nitrobenzenes
chlorinated aniline
chloronitrobenzenes (CNBs)
chlorinated aniline
perfluorooctanoic acid (PFOA)
perfluorinated chemicals (PFCs)
perfluoroctane sulfonate (PFOs)
nonphenols ethoxylates (NPEOs)
alkylphenols  associated ethoxylates (APs)
persistent bioaccumulative and toxic 
substances (PBTs)
Ethylene dichloride  (EDC)
dibutylphthalate (DBP)
benzothiazolamines
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Successfully degraded or volitalized at field scale with phytotechnologies
Chlorinated solvents: such as TCE; trichloroethylene (most common pollutant of ground 
water, Perc
Industrial uses
Petroleum hydrocarbons: Oil, Gasoline, Benzene, Toluene, PAHs, gas additive: MTBE: Methyl 
Tertiary Butyl Ether  
Industrial uses
Pesticides: Atrazine, Diazinon, Metalachlor, Temic, etc.
Agriculture and landscape application
Pollutant compounds that typically contain bonds of carbon, oxygen, and 
nitrogen: man-made and foreign to living organisms
Persistent Organic Pollutants: DDT, Chlorodane, PCBs
Agriculture and landscape application,  industry, atmospheric deposition 
Other Organic Contaminants of Concern: Ethylene and Propylene Glycols, Formaldehyde, 
Pharmaceuticals
Not easily degraded or volitalized at field scale with phytotechnologies
COMMON ORGANIC POLLUTANTS
Plant Macronutrients: Nitrogen and Phosphorus
Wastewater, Agriculture and landscape application, landfill leachate
Successfully extracted (and harvested) or volitalized at field scale with 
phytotechnologies
Metals: Arsenic, Nickel, Selenium (shorter time frame)
Cadmium and Zinc (longer time frame)
Metals: Boron (B), Cobalt (Co), Copper (Cu), Chromium (Cr), Iron (Fe), Manganese (Mn), 
Molybdenum (Mo), Lead (Pb), Fluorine (F) Lead (Pb), Mercury (Hg), Aluminum (Al)
Salts: Sodium chloride, Magnesium chloride
Agricultural activities, industrial uses
Radioactive Isotopes: Cesium 127, Strontium, Uranium 90
energy production 
Common inorganic pollutants not easily extracted or volitalized at field scale with phy-
totechnologies
COMMON INORGANIC POLLUTANTS
Industrial uses, pigments, emissions
Elemental pollutants found on the periodic table, that have been released into 
the environment
Organic
Pollutants Classifications of chemical pollutants as organic or inorganic 
Source: Kennan, Kate and Nial Kirkwood. Phyto: Principles and Resources for Site Remediation and Landscape Design. Glosgow, Bell and Bain Ltd., 2015. http://www.amazon.com/Phyto-Principles-Resources-Remediation-Landscape/
dp/0415814154.
NH2
Aniline C6H5NH2
azo dyes
uses
leathers
rubbers
plastics
pesticides
herbicides
pharmaceuticals
Case study example of pollutants, their 
uses, and impact on human welfare
niline C6H5NH2 ses
s
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rs
tics
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Sources: United States Department Health and Human Services. and US Department of Labor. Occupational Health and Safety for Aniline.  https://www.cdc.gov/niosh/docs/81-123/pdfs/0033-rev.pdf
Greenpeace International. “Toxic Threads: Putting Pollution on Parade,” December 14, 2012. Accessed April 9, 2016. http://www.greenpeace.org/international/Global/international/publications/toxics/Water%202012/ToxicThreads02.pdf.
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Case Study 1: East Calcutta Wetlands/ 
The Arcata Wastewater Treatment Facility
The East Calcutta Wetland
One of the most studied wastewater treatment 
plants in the United States
Arcata Wastewater Treatment 
Facility
A highly adapted and adaptive wetland 
system that handles human and farming 
agricultural waste
Screening
Grit Removal
Mechanical & Chemical
Headworks
Digester/Compost
Primary 
Clarifier
Dechlorination Chlorination 
Enhancement Marshes
Humboldt Bay
Oxidation
Ponds 
Treatment Wetland
Compost & methane
INPUTS OUTPUTS
solid debris, grit, sand
oxidation of remaining organic 
matter)
futher sludge removal
kills pathogens
TREATMENT OF BIOSOLIDS
TREATED BIOSOLIDS TO 
AGRICULTURE OR LANDFILL
oils, fats float (skimmed off
Pumping (electricity)
Sewage
Electricity (clarifying tank)
Aeration
Chlorine (optional)
Ultraviolet light
Sulfur dioxide
Chlorine
Screening
Grit Removal
Mechanical & Chemical
Skimming
Sedimentation
Mechanical
AEROBIC BIO-PROCESSING
(bacteria and protozoa consume 
organic content)
Mechanical & Biological
BIO-PROCESSING & SETTLING
(less soluble fractions bind to 
floc)
biological & chemical
DISINFECTION
Chemical
EFFLUENT RELEASED 
TO ENVIRONMENT
PRE TREATMENT
PRIMARY TREATMENT
SECONDARY TREATMENT
TERTIARY TREATMENT
aerobic digestor OR 
mechanical dewatering 
(removes pathogens)
Kolkata Municipal Sewage 
(1,4000 killion liters/day)
uncollected sewage
~700 mill liter/day
direct discharge
100 mill liters/day
FACULTATIVE PONDS
MATURATION PONDS
Basanti-Bodra River System
& SUNDARBAHN ESTUARY
BAY OF BENGAL
Bhagirathi Hooghli River
seepage
overflow
overflow
ECW BOUNDARY
ANAEROBIC PONDS
underground sewer network
600 million liters/day
rain water
DWF 
canals
SWF 
canals
Primary
Secondary
Tertiary
Neither are suited to handle industrial waste
Carlisle, Stephanie. Productive Filtration: Living Systems Infrastructure in Calcutta Scenario Journal.  Figure 6 Flows of energy and material in 
and out of the East Calcutta Wetland. 2013.
Carlisle, Stephanie. Productive Filtration: Living Systems Infrastructure in Calcutta Scenario Journal. Figure 3 Conventional sewage treatment 
as a system of processes and components. 2013.
The Arcata Wastewater Treatment Plant Processes. https://www2.humboldt.edu/arcatamarsh/overview.html.
Dyed-yarn 
Wool fabric
Printed 
Dyed fabric and knitwear
Water condition at outlet:
High temperatures
Alternation of water color from dyes
Nonylphenol
Aniline
2-chloroaniline
methylaniline
diethylaniline
ethylanaline
Youngor Group Co. Ltd is China’s largest integrated textile company
Case Study 2: Youngor Textile Complex, Ningbo, 
Yangtze River Delta, China
Greenpeace. Dirty Laundry:Unravelling 
the corporate connections to toxic water 
pollution in China. Case Study 1: Youngor 
Textile Complex, Ningbo, Yangtze River 
Delta. 2012.
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Case Study 3: 
The Living Machine 
A design solution created by John Todd, John Todd Ecological Design and The Living Machine
EPA. Wastewater Technology Fact Sheet: Living Machine. https://www3.epa.gov/npdes/pubs/living_machine.pdf
Following the completion of this phase, numerous conclusions have been made. It was 
discovered that how the wetland filtration process can be utilized to remediate the pollutants 
from the garment industry is too large of a question. Consequently, from discussion during 
the presentation, it was established that the main goal of the project was to make visible 
the pollution from the garment industry and the potential of wetlands to solve the issue as 
a flexibly adaptive solution. This analysis does not need to be one that is tested, as previous 
planned, as there is not enough time to scientifically test the potential for wetlands to 
filter the pollutants. However, through analysis the thesis has the potential to become a 
comparitive study of the  size and time it would take for a mechanized wetland to filter 
contaminants. A second question arose; is there a potential to alter regulations within the 
industry, and create incentives for not polluting; changing from synthetic dyes to natural 
dyes, or inserting a wetland solution?
There was a desire to be able to visually compare the case studies across scales, to present 
both a plan view of the locations and size, as a baseline for scale comparison and then 
juxtapose this with a flow diagram of each system. This would allow for a comparison from 
the larger systems of the East Calcutta Wetland and the Arcata Wastewater treatment 
facility to the singular scale of an individual textile complex; a flow chart of the system from 
the manual labor, to the machine, to the garment; to the final case study of a small scale 
filtration system, such as the University of Vermont, Living System. 
There was also the desire to establish a more visual connection to the garment industry. 
Much of the research from this stage was scientific. In the next step, it would be compelling 
to take the scientific knowledge presented, in terms of the chemicals, and link this to the 
pallete of colors that exist within fashion, both present and historically. The goal would be 
to draw people into the presentation by establishing a visually compelling and interesting 
connection between the science, the industry, and the issue, and to make them feel 
personally responsible.
Findings + Conclusions
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Assessment
The research during Phase 1 was fairly effective given the breadth of information needed 
to be gathered and organized. As previously stated, the question presented was too broad. 
The redevelopment of this thesis question, however, does not hinder the development 
of the thesis, as it mainly presented the framework for the thesis. The feedback on the 
question is that the thesis be altered from one of a physical working system, to a more 
visual representation of the issue.
The schedule developed was altered substantially throughout the process, due to the 
knowledge gained throughout the process. While the initial focus was on the function of 
wetlands themselves, to make people aware of how they filter, the focus shifted toward 
the systems associated with case studies that were discovered through interviews and 
research. It was discovered that people often relate more closely to topics if they are 
able to make direct connections to specific systems and locations. During the next phase 
the research may need to shift initially to a more general represention of the process of 
wetland filtration as it relates to the potential to filter out pollutants to further connect the 
issue and the solution. 
Following the presentation of the work, it was made apparent that a flow chart should be 
developed in order to compare all of the case studies against each other to understand 
the differences and scales as well as their relationships. While the process was begun for 
the initial two case studies, due to time constraints, the analysis using  flow charts, for the 
remaining two systems, as well as the specific example of the living system, was not able 
to be established. For research purposes, and the presentation, there was a decision made 
to present the full extent of various mechanical alternatives of filtration, leading up to the 
living system. This analysis was an attempt to make people aware of the full breadth of 
mechanization by which filtration of pollutants can occur, in order to provide a fair critique 
on the mechanized system versus the natural, or hybrid systems.
Phase 2 Investigation
Going Out In Style
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Abstract
Phase 2 culminated with an investigation of the fashion industry itself. The main question 
was: how can we balance the cultural phenomena of fashion while addressing the 
environmental degradation associated with the garment industry? It was an investigation 
into the processes from production to distribution, focused specifically within the United 
States. During this investigation it was determined that the most taxing component of 
production is dyeing and finishing. Both require a great deal of water and large amounts of 
chemicals which are highly taxing on the environment. Further research on the production 
of garments in the United States, through case studies, led to an attempt to understand the 
environmental impacts of each production stage associated with water, and the potential 
for intervention to decrease the amount of pollution that is currently produced. 
2524
Introduction Methods
This phase began by mapping out the processes of how a garment is made from thread 
to shipment.The intent behind this was to determine the potential stage for intervention. 
From this research it was found that the most likely stage for intervention was in the dyeing 
and finishing stage. This was the stage at which water was most heavily used in the process. 
It was also the stage where the most chemicals were introduced. 14
This was supported by one of the most historic case studies, the Fez Tannery, which used 
a process similiar to today’s smaller scale dye processes, of dye vats, where the chemical 
output from the processing is dumped bi-weekly directly into the river system.15 
The reason the industry is primarily international is that it is much more cost efficient within 
the world of fast fashion to produce overseas. Consequently, there is much less industry 
occurring in the United States today. One of the most well-known fashion companies with 
production located exclusively in the United States was American Apparel. Recently this 
company was bought out by Gildan whose manufacturing takes place in Canada.16 
In order to locate a site, specific criteria were established. The first was to find a company 
that operates dye facilities within the United States. This classification system has since 
broadened and evolved to a classification system highlighting different modes of production. 
These range from international production networks that possess large scale dye facilties, 
to companies such as American Apparel that do all of their production in house, from 
the spinning of the thread to the making of the garment, to smaller companies such as 
Colibri Dyers, that perform only small batch dying with ecologically responsible dyes. A 
final alternative is large umbrella companies such as Cotton Incorporated, that rely on 
outsourcing from multiple companies, for the production of there garments. The process 
selected is determined by the quality and quantity of the garments being produced.17 
An example of smaller scale single batch production is the company, Colibri, currently out 
of Washington, New Jersey, which is a small scale specialty item batch company. They, just 
as Cotton Incorporated, have worked for companies such as Ralph Lauren and JCrew. The 
main difference between Cotton Incorporated and Colibri is that Colibri has established 
itself as a small scale environmentally-sustainable company. This environmentally conscious 
company ultimately limits the scale of their production, meaning they produce smaller 
batched speciaty items, as opposed to the large scale production of American Apparel or 
Cotton Incorporated.18 
Through the research into different companies and production throughout the United 
States, it was discovered that there is a fair amount of dye production for large scale 
companies such as Cotton Incorporated that occurs in California, primarily located in Los 
Angeles where there is a vibrant connection to the dye and fashion industries.  
1.Research into the garment industry from spinning and weaving to finished product
2. Mind mapping of the relationships of previous case-studies; and recommended case-
studies
3. Mind mapping of the garment industry and the associated processes: from  yarn to 
finished product
4. Representation of garment industry case-studies and physical mapping of relationship of 
case-studies respective to the study site, Los Angeles
14. El-Nemr, Ahmed. Non-Conventional Textile Wastewater Treatment. 2012.  
15. Shankar , Amulya. Fascinating & Toxic - Traditional Moroccan Tanneries. Living on Earth. PRI Environmental 
News Magazine. October 31, 2014. http://www.loe.org/shows/segments.html?programID=14-P13-
00044&segmentID=4.
16. Li, Jan. “With sale to Canadian Firm American Apparel will be American No Longer.” Los Angeles Times. January 
11, 2017. http://www.latimes.com/business/la-fi-american-apparel-20170111-story.html
17. Cotton Incorporated. http://www.cottoninc.com/
18. Colibri. http://www.colibridyers.com/about/.
 
A Supply in Decline
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Source: USC Viterbi: School
of Engineering. Los Angeles
Water Issue: Why It’s Not
Just the Drought. https://
viterbi.usc.edu/water/
80%
52%
30%
11%
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Colibri
Environmental Dyes
High End Fashion
Small Batch Size
Source: American Apparel. Vertical Integration: Our Model. https://www.americanapparel.net/contact/vertical.html. 
Dynamics of the Industry
Diagram of Cotton Incorporated Facilities in relation to the site (the previous American Apparel Knitting and Distribution facility) in Los Angeles, CA. 
Source: Cotton Incorporated. Textile Sourcing: Garment Dye and Wash.
http://www.cottoninc.com/product/textile-research/textile-sourcing/dye-washhouses.
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Harris, Elizabeth A. “American Apparel Deal Gives Retailers a Lifeline.” The New York Times. July 9, 2014.
This phase proved to be challenging because of the justification and criteria set for the 
site. The particulars established were that the site needed to possess a connection to 
the fashion industry and in particular  a connection to the dye process within the fashion 
industry. This struggle was compounded by the desire to work with the specific pollutants 
from the dye industry, further constraining the site requirements. 
Through the research it was discovered that very few companies within the United States 
fashion industry specialize in large scale dyeing. The lack of transparency within companies 
added to the difficulty in finding such a company. The  research ultimately led to two 
primary sites. The first was a smaller scale single dye company, Colibri, in New Jersey, which 
was originally located within Manhattan, New York; and the second was the American 
Apparel Factory, in Downtown Los Angeles where a fair deal of garment production still 
takes place. 
Los Angeles posed a challenge from the ecological standpoint of the project in that there 
is a drought in California. This drought provides an even greater challenge to an industry 
that is reliant on water for production.19 One of the primary modes of production within 
the fashion industry is that of wet-dying, meaning that it requires water through most of 
the process.20 
The analysis of the process within the site however established more relevant criteria. This 
new criteria is the proximity to the fashion district, in order to make the issue of pollution 
associated with the textile manufacturing process - visible to the players within the fashion 
industry, both producers and consumers. Exploration of the industry in Los Angeles led to 
a very important case study, that of Cotton Incorporated. This is a company that aims at 
transparency in production to allow members operating within the industry to connect. 21 
This enables the consumer to track their facilites throughout the United States, as well as 
Findings + Conclusions
internationally. The tracking of this index made it apparent that the site could be anywhere.
It also became apparent the project could take mutliple directions, depending on the focus 
of the project. There have been two primary focuses throughout the development of this 
project: one being the fashion industry and the beauty of its colors and the other being its 
harmful polluting nature.
In conjunction with this polluting nature was the desire to address the environmental impacts 
of the industry. In the first phase this led to the discussion of chemicals and the potential 
constructed solutions of wetlands and their filtration potential juxtapose the existing 
mechanized systems of filtration. 
These are still two disparate concepts. Upon reflection of much of the work throughout 
this indepent thesis project it is apparent that much of the focus from the initial proposal 
was on the environmental impacts of dye pollution within the fashion industry. The question 
then became what the role of the landscape designer could be in making this issue apparent. 
This phase has resulted in a great deal of systems thinking and perhaps shifted the focus of 
the project to making visibile the environmental degradation and pollution of the garment 
industry through systems thinking. The question of whether to focus on the mechanized 
system or the physical system of the industry remains to be determined for the final phase.
19. Daniels, Jeff. California Drought: “LA Braces as Cotton Acreage Falls. “ CNBC. April 17, 2015. http://www.cnbc.
com/2015/04/17/california-drought-la-braces-as-cotton-acreage-falls.html.
20. El-Nemr, Ahmed. Non-Conventional Textile Wastewater Treatment. 2012.  
21. Cotton Incorporated. http://www.cottoninc.com/
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Assessment
In working through this phase, there was great difficulty in refining the question to a 
establish a more specific answer. The delay of the development of this question led to a 
more broad exploration of study and analysis throughout this phase, because of how broad 
and disparate the two primary focuses of the project were. 
This structure also led to a reluctance in choosing the site, as there was a great deal 
of struggle in the criteria necessary for the site selection. Then once the initial site was 
selected, as Colibri, a dyeing company in Washington, New Jersey, it was discovered that 
there was a major flaw in the selection of this site, in that the company claims to use 
environmental dyes, when the focus on the industry itself was use of synthetic dyes, which 
is the major polluter of the industry to the ecosystem.22 This led to the comparison of both 
the environmental method and the synthetic method, to make use of my research that had 
been done on the envrionmentally conscious company in New Jersey. This also led to the 
quick selection of the Los Angeles site based an understanding of garment production in 
the United States. A few questions still remained on whether this was the correct site, as 
it was chosen so quickly and also had the issue of water, which was a major component 
to the issue being studied; a potential benefit, but also a significant oversight to one of the 
proposed solutions. 
This phase did provide insight into potential specific focuses for the project: the beauty of 
the colors used by the industry, including the drastic impact that producing them has on 
the ecosystem; and the potential for cleaning the pollution of the waterways associated 
with the industry. It would have been good to have had this insight earlier in this phase. 
Nevertheless, it is now a potential direction for the next phase, as it could tie the project 
together and culminate in a rich thesis project.
22. Colibri. http://www.colibridyers.com/about/.
Phase 3 Investigation
A Colorful Perspective on the Industry
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Abstract
Phase 3 was an investigation into the major ways that the industry could change its 
modes of production to become more environmentally sustainable, and how consumers 
could change their behavior as a means to influence the industry. This was approached 
from five angles: the move to natural and environmental dyes, the move toward more 
environmentally-friendly synthetic dyes, alternative modes of production, exposure of the 
pollution within the current system, and an alternative method of treatment of textile 
wastewater through wetland filtration and phytoremediation. The analysis of each of these 
systems then led to a final design for the most desired solution for this thesis project, 
utilization of phytoremediation for remediating the environmental pollution of the industry 
and exposure of the current pollution. 
A comparison diagram of the garment industry before and after the proposed intervention. 
The top diagram is the current path of the shows from field to finished garment where the synthetic or natural 
dyes go directly into the current water system
The bottom diagram shows the proposed path where the synthetic or natural dyes go into a planted filtration 
system as opposed to directly into the current water system
Introduction Methods
This phase focused on determining the best alternative for motivating the industry to 
be more environmentally conscious. This was done through a comparison of various 
alternative solutions, including natural dyes, environmentally friendly synthetic dyes, non-
water alternatives, and phytoremediation. Each alternative solution was assessed at both 
local and global levels. Their associated environmental and social impacts were evaluated as 
well. The recommended design reflects the impact of the intervention on the industry as 
well as its associated social and environmental implications.
1. Research and compared alternative methods of production for the industry
2. Developed a design based on analysis of alternative methods
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Representative of the major concerns considered in the analysis 
of alternative methods of production. i.e. the natural dye process 
would require substantial amounts of arable land and water 
otherwise used for drinking to produce. 
Cotton
Wool
Flax
Bamboo
Alpaca
Cashmere
Viscose/Modall/ Lyocell/Tencel
A mapping of best practices fabrics as a study of component methods of moving toward a more sustainable textile industry
A Cleaner Industry
Fashion Organizations
Environmental Organizations
Dye Facilities
20 MINUTES
15 MINUTES
10 MINUTES
Fashion District
Arts District
Financial District
Diagram of fashion, environmental, and dye companies around the site
Distance diagram 
of companies and 
districts to the site
Districts around the site in Downtown Los Angeles, CA
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A overlay diagram of the design, water, and pathways as it relates to the site
John Todd Living Machine
A Colorful Perspective on the Industry
A sectional diagram illustrating the flow of the polluted water through the designed system
Construction line plan: of the system and associated zones
Planting typologies for experiential zone:
A. 1 large plot 
B. Plot divided into 2 sections
C. Plot divided into 3 sections,
D. Plot divided into 4 sections
John Todd Living Machine
Section 1
The dye pollution enters the filtration system from the point of the building and is removed as it flows 
through each stage of the vegetated cleansing system 
Section 3 
After being filtered through a second time, the contaminants are successfully removed by the final stages of 
the filtration process
Section 2 
Tthe dye pollutant that has entered the filtration system is unable to be purified before the end stage of the 
filtration process, so it must be filtered back through the system.
A B
C D
River of Color
Intensive Filtration
Transition Zone:
Transition Zone:
Experiential Zone 
W
ater Testing
W
ater Testing
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There were five alternative solutions for the industry investigated for this phase. Below is a 
summary of each, and a conclusion with the recommended proposal.
The Nature Dye Solution
One alternative proposed for the industry is to move completely to natural dyes. This is an 
idealized solution that is feasibly impossible at the  economic level. The amount of land and 
water required for the natural dye process to perform at industrial scale is unrealistic, as it 
requires 31 percent of the world’s arable land that would otherwise be used for agricultural 
means. This land would consume significant amounts of water and pesticides, making it 
extremely unsustainable  in a world of depleting environmental resources.
The Environmentally-Friendly Dye Solution
The is a solution that many companies are moving toward. These dyes are labeled as 
OETEK-100 dyes, which promote the movement of the industry toward environmentally-
friendly synthetic dyes. Synthetic dyes saturate the industry due to their cost-effectiveness. 
Since synthetic dyes are produced in a lab, they do not consume land, allowing it to be 
dedicated to agriculture. The problem with many of the standard synthetic dyes is that they 
are harmful to both human health as well as to the environment in which they are released.
The OETEK-100 dyes are a move to reduce the impacts of synthetic dyes. The question 
that remains is how to expand these dyes across all production scales and reduce the 
impacts they may still have on human health and the environment.23
Alternative Modes of Production
Through the research, alternative modes of production were also proposed, primarily in 
relation to waterless dyeing through the harnessing of CO2. While on the surface this 
appeared to be an ideal solution, there was great reservation in the adoption of this 
technology as it costs four million dollars for the machinery. Furthermore, the regulations 
for the use of the CO2 machine are highly specific. In a perfectly run factory where the 
CO2 machines are in separate rooms from the workers and properly vented, it would be 
a potential solution. However, with all the reports on unregulated manufacturing practices 
within the industry, this solution could have deadly consequences for the people working 
within the textile factories. 
Wetland Filtration and Phytoremediation
Wetland filtration and phytoremediation is often written about as a potential solution for 
the industry, but it has never been implemented. The primary case study for this system 
is the John Todd Living Machine, which compresses the functioning of the natural wetland 
system into a compartmentalized system and is able to function off of the associated 
available water sources, such as the water from the dye factories. This system, however, has 
never been implemented directly into the industry. It has simply been installed in small pilot 
projects along already polluted waterways to demonstrate the viability of these systems to 
filter out harmful industrial pollutants. 
Changing the Consumerist Behavior
This idea focused on studying the synthetic dyes that pollute the most within the industry, 
and educating the consumer on which dyes are most harmful. The goal is to convince 
them to alter their purchasing preferences toward garments that use dyes that have less of 
an impact on the environment. Such a shift in consumer behavior would exert significant 
pressure on the industry to change its practices.24
The Final Conclusion
This thesis proposes the wetland filtration and remediation system be  implemented 
Findings + Conclusions
23. Fiber Reactive/Low Impact Dyes. Organic Lifestyle. https://organiclifestyle.com/articles/fibre-reactive-low-impact-dyes.
24. Gullingsrud, Annie. 1st Ed. Fashion Fibers. Designing for Sustainability. February 9, 2017.
into the industry as it was not only a method of improvement to the system but could 
reverse the environmental impacts of the industry itself. This system, as cross-referenced in 
literature, shows potential to not only address the water issues of the industry in its present 
state, but to also address it in the context of the past, present, and future. Wetland filtration 
and remediation provides both environmental benefits as well as social ones. This solution 
could adapt with the industry as it changes its dye processes and continues to grow, 
carefully balancing industrial development with the protection of the natural environment. 
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Assessment
This phase was one of the most ineffective Phases in terms of research and productivity. 
The most challenging aspect was evaluating the different alternatives across scales 
and converting factual numbers into graphics in order to compare the social and 
environmental impacts of each solution. The comparison across scales is presented in 
this Phase’s final conclusions. The attempt to compare all of these alternatives became 
a great detriment to the project as there were no solid quantitative facts to effectively 
compare across all methods. A simple comparison of pros and cons for social impacts and 
across time would have been the more effective way to move beyond this analysis into the 
actual design. The concern for specific metrics for the solution, however, was the reasoning 
for attempting to compare according to metrics to make the most appropriate solution.
If this Phase were to be revisited, the approach from research to design would be different. 
The research knowledge would be used to immediately inform the model and determine 
the best solution. Numerous sketch models would  have culminated in a single final model 
of the most appropriate design solution. 
There were major adjustments throughout the process based on the continuous influence 
of alternative methods that constantly led to the questioning of the final design proposal 
— as opposed to designing the proposal and then applying other alternatives upon it to 
understand how they would have impacted the final design. The most challenging alternative 
was changing the consumerist behavior. While an intriguing proposal in its conception, it 
was beyond the feasiblity of the design project at the time of its conception. However, 
an attempt was made to move toward this direction by researching the most sustainable 
fibers within the industry. This led to a highly wide-spread and less focused design proposal. 
The final designed model enabled one to learn through form and dimension. Had the 
opportunity been available to make the model in multiple iterations, there may have been 
more of an opportunity to test how the system could change if the dye process was 
completely altered to various degrees, from natural dyes to alternative systems. There was 
a great deal of feedback on how the project could be spatialized according to the metrics 
of three dyes within the industry — one that is extremely harmful, one that is less harmful, 
and one that is safe. This study would determine the dimensions of the design and allow 
one to understand how the system operates in relation to the industrial inputs. This would 
allow one to understand how the system operates in relation to the scale of the garment 
industry and understand how the system would impact the public’s perception of the 
industry. This lab situation acts as the stepping stone to educate the public and influence 
the industry’s practices. However, further research on dyes of associated colors is essential 
for any significant change in clothing color theory to occur.
Overall Assessment
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Final Conclusions
The Phase I investigation was the most clear in its analysis of the garment industry and 
its global impact in relation to the chemical degradation of the environment. During this 
Phase there was a desire to compare the mechanical waste removal processes with those 
of wetlands to understand how they compare across scales. These studies were combined 
with an analysis of different phytoremediation processes to establish parameters for a 
potential solution to the issues around the chemical pollution of the textile industry.
The site analysis has led me to understand the many connections of the site to the 
exterior associations of the industry from different dyehouses, and garment companies, 
as well as associated environmental organizations that would support the development 
of a landscape intervention to address the issue of pollution by the garment industry. This 
proximity to all of the organizations within the garment industry supply chain is often a 
luxury not allowed by the globalization of the garment industry. This connection, along with 
the environmental underpinnings of the water issue, takes what is often an international 
industry and brings it closer to home, under a system of strict regulations that allow for 
the analysis of the industry on environmental systems. This often gets overlooked by the 
industry as a whole. The small scale production units within Los Angeles, however, would 
be required to operate as a cooperative within this site to produce at a scale comparable 
to the larger scale industry. 
Currently there is still garment production within Los Angeles, but it has been observed 
that Los Angeles in its present state is Brooklyn during the 1980’s — very run down and 
with a declining industrial sector. As it has been observed from the start of this thesis, 
the industry is constantly moving overseas and any attempt to remain within the United 
States has ultimately proved unsuccessful at a large scale due to the economics of the 
industry. The intial site location was a fashion incubator, Manufacture New York, in New 
York City. This site, was ideal in its context. However, this business incubator failed. This 
company was attempting to bring the fashion industry back to New York City through 
small companies, but it was unable to. While the project itself required a location where 
dyeing occurs, substantial research into companies actually producing within the United 
States was conducted, in particular large scale fashion. American Apparel was at the top 
of the list. While the company closed, the location’s proximity to active textile dyeing held 
promise for positioning the project within a place that actually still performs dyeing within 
the United States. Many other companies researched expressed that they did cutting 
and sewing of their garments, implying that they bought already dyed fabric, presumably 
purchased from overseas. 
The amount of fabric dyeing happening within Los Angeles allowed the opportunity to 
challenge the global system of garment production in its dyeing processes. While extensive 
time was spent researching how the dyeing process worked, in reality, understanding how 
one dye went through the process would have provided data from which extrapolation 
could have been made for the entire textile industry.
  
Final Assessment
The development of a thesis question to frame the remainder of the thesis project was 
a problem as the true intentions behind the design got lost in the language. The intention 
behind the design was realized in the making of the final design and model. The premise 
of the design was to create a space that  integrates with the public realm and exposes 
people to the pollution created by the garment industry. Through biological remediating 
test plots, this design starts the discussion around the pollution of the industry and points 
to the need for change.
The premise behind the final design began during the wintersession course when, 
through model-making, the desire to expose the pollution within the industry was 
established through the construction of component part modules. The  initial question of 
how phytoremediation can be used to remediate pollutants from the garment industry, 
while broad in its framing, expressed the means by which one would move beyond a 
demonstration project to an active intervention. 
From that point the research focused on the process of phytoremediation, a plant’s 
ability to uptake industrial pollutants. A great deal of literature expresses the ability of 
phytoremediation to clean up pollutants from the textile industry. However, there have 
been no interventions that apply the system directly to the industry. 
An intial site location was in Brooklyn, New York on the grounds of Manufacture New York, 
a company looking to bring garment maufacturing back to New York City. The closure of 
this company in the middle of the thesis project led to the realization that not enough 
small scale manufacturing was occuring within New York to allow the thesis project to 
be located in this location. The journey to find a new location was a difficult one, as only 
two percent of garment manufacturing occurs in the United States. The site was moved 
to Los Angeles, to the location of the closed American Apparel complex in downtown 
Los Angeles. This site was chosen because even though it was closed, the amount of 
textile manufacturing still occuring around the site promised enough production for a 
thesis project. The project proposal was to harness the land that was once the American 
Apparel factory, and create a communal dye factory within Los Angeles in order to collect 
all the dye products from the textile industry and within this site, begin to expose the 
dye pollutants of the industry. This would be done through the creation of a transparent 
water flow system that transport the dye wastewater down the side of the building, into 
individualized catchment and flow basins, allowing the public to visibly see the pollution 
associated with the dyeing of their clothing. These channels flow into planted test plots 
for phytoremediation of the pollutants. These test plots provide the ability for the public 
the see the impact of the pollution on the environment as well as the potential for 
these planted systems to remediate the pollutants from the industry.  Then what is the 
potential reuse of these plants or must they be disposed of in an industrial manner? 
The design is intended to reveal the the dye pollution, environmental degradation, and 
environmental remediation can all occur within a single system.  Presenting this system to 
both the public and to the industry would create awareness and spark discussion about 
needed alternatives.
Questions of what this change was intended to look like entered the discussion in the 
middle of the thesis process, and  alternative methodologies led to the questioning of 
the overall design solution. In an attempt to make sense of these different alternatives 
from natural-dyes to waterless dyeing, the overall intent of the project became muddled 
in trying to develop the most ecological alternative. Ultimately through cross comparison 
of all of the different methods, in terms of textile production at the industrial scale, it 
was determined that phytoremediation is the desired alternative as it addresses past and 
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current degradation and utilizes the water already used by the industry.
The amount of time it took to move from research to design made it difficult to fully answer 
initial questions of how this larger system of phytoremediation works in remediating these 
pollutants. The initial schedule was much more focused toward the development of this final 
project. An inability to sythesize the research of the thesis led to the broad presentation 
of the thesis topic, which lead to a dispersion of thoughts. The focus was able to return 
only in the physical manifestion of the model, a design that expressed all of the research 
over the last three months. Having spoken with Costas Tzanedakis, the owner of Colibri 
Dyers, a prominent textile dyer, stated there is awareness of pollution in the industry. 
However, the economic bottom line is what determines how the garment is produced. 
While his company utilizes environmentally-friendly dyes in their product samplings, once 
the product is shipped off, the client determines the process by which their garment is 
dyed, i.e., how harmful are the pollutants they are choosing to dye their garments with? 
This test site makes visible the environmental impacts of these polluting chemicals on 
the environment by showing in physical form how much they degrade the environmental 
watersystems surrounding the company’s operations. The test site also demonstrates the 
ability of this engineered wetland system to filter the pollutants and for the people to see 
how the water is purified of the pollutants as it flows through the system. 
The engineering of this system is modeled after the John Todd Living Machine. The scale 
of these systems is particular to the engineered functioning of the system, i.e., the amount 
of water that is infiltrating the system and the amount of pollution within the system. Due 
to the amount of pollution within this system, the scale of each of the cells is in question. 
However, the design was based off of the scale of John Todd’s physical systems and the 
premise, from discussion with a curator, of a Living Machine, Eugene Bernat, that the system 
has the ability to be scaled up to any dimension and that the dimensions are based on the 
amount of water and pollution flowing into the system.25
The dimensionality of each of the cells was based off of the dimensions of the building. 
Scaling up the flow of the color to the scale of the building facade enables viewers to make 
a  direct connection to the scale at which this pollution is occuring. The cells are scaled 
down to allow for the placement of paths that will allow  people to move along each of 
the canals and observe the process of cleaning that is occuring through the cells. The design 
is such that the participants are able to view the stream of the pollution from the building, 
through its processing to the cleaned holding pond at the end of the site. The pathways are 
both for the public as well as the members of the organization to harvest the plants from 
the Living System, which could provide a source of economy for the companies as well, as 
long as plants are able to convert the biproducts to non-volatile substances. 
More research is required on the Living Machines and its integration within this design 
as it relates to the planting scheme and scale, as well as on the particular plants that are 
required to uptake the pollutants of the dyes. 
There are eight primary mechanisms by which plants uptake and hold pollutants. They are 
phytovolitalization, phytodegradation, phytometabolism, phytoextraction, rhizodegradation, 
phytohydraulics, and phytostabilization. 26
phytodegradation- plants destroy it
rhizodegradation- soil biology destroys it
phytovolitalization- plant turns it into gas
phytometabolism- plants use it in growth, incorporates into biomass
25. John Todd Ecological Design. 2017. http://www.toddecological.com/.
phytoextraction- plant takes it up, stores it and is harvested
phytohydraulics- plant draws it close and contains it with water
phytostabilization/phytosequestration- plant caps and hold it in place
rhizofiltration- contaminant is filtered from water by roots and soil27
Each of these mechanisms will determine a plant’s viability within this design, in regards 
to safety for the public and percieved recycling of the plant after remeditation. This 
determination is made based on a plant’s uptake process and ability to transform dyestuff 
into innocuous metabolites. 
One of the study species proposed in this thesis was Phragmites australis, which according 
to Uruj Tahir, Azra Yasmin, and Umair Hassan Khan, possesses the ability to “absorb, 
detoxify and metabolize a wide range of synthetic dyes and colorants.” 28 While in the 
Northeast, Phragmites australis is an invasive, it is  a non-invasive in California. This species, 
advantageous nature of habitation of landscapes make it a very interesting species to study 
for its phytoremediation capabililites, but often results in a dense monoculture, so other 
species would need to be studied to create optimally functioning communities to handle 
the pollutants from the industry.
If this thesis were to be revisited, the approach from research into design would have been 
substantially different. While the amount of research gathered would have been comparable, 
there would have been much more focus on what specifically was being researched and 
how it fit into the final goal of the thesis. This would prevent issues that occured, where 
everything was being research, and attempted to be represented, to the point that little was 
actually conveyed because no specific focus was made until the actual design. There would 
also not have been an immediate attempt to represent these quantitative facts into visual 
graphics. These attempts to create informational graphics would be replaced with modeling, 
as physical modeling would have forced the development of a scaled metric across which the 
alternative methods of production could have been more quickly compared. The ability to 
synthesize the benefits and drawbacks of each alternative mode of production, would have 
allowed for more in depth design studies of how the intervention within the textile industry 
could have the greatest impact in terms of economic, social, and ecological benefit.
This alternative approach to the design process would have allowed for a more rigourous 
adherence to the schedule. The amount of time that was dedicated to trying to translate these 
quanititative metrics into visual graphics was significant but not useful in the presentation of 
the work. The mechanisms of modeling and diagraming, specifically by hand, would have 
contributed to a much richer thesis project in terms of final produced work.
26.Kennan, Kate and Nial Kirkwood. Phyto: Principles and Resources for Site Remediation and Landscape Design. Glosgow, Bell and Bain Ltd., 2015. http://www.amazon.com/Phyto-Principles-Resources-Remediation-Landscape/
dp/0415814154.
27.Ibid.
28.Tahir, Uruj, Azra Yasmin, Umair Hassan Khan. “Phytoremediation: Potential Flora for Synthetic Dyestuff Metabolism.”  Journal of King Saudi University-Science 2016 (June 27, 2015): 119-130.
4746
Bibliography
THE HISTORY OF THE GARMENT INDUSTRY
Cline, Elisabeth. Overdressed: The Shockingly High Cost of Cheap Fashion. [New York, Portfolio/Penguin, 2012), 1-244.
Seabrook, Jeremy. The Song of the Shirt: The High Price of Cheap Garments from Blackburn to Bangladesh. (London, Hurst and Company, 2015), 1-288.
US trade policy since 1934. Chapter 3. 59-123.
THE ENVIRONMENTAL IMPACTS OF THE GARMENT INDUSTRY
Apparel Resources: Everything Sourcing. “Pollution Charges on Textile Units in Pali.” Accessed May 1, 2016. http://news.apparelresources.com/textile-mills-news/pollution-charges-on-
textile-units-in-pali/.
Claudio, Luz. “Waste Couture: Environmental Impact of the Clothing Industry.” Environmental Health Perspectives. Accessed April 9, 2016. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC1964887/.
Ebony. “Fast Fashion Pollutes Water in China.” Last modified April 19, 2012. Accessed May 1, 2016. http://www.ebony.com/black-listed/style/fast-fashion-pollutes-water-in-
china#axzz4ANC25xmI.
Greenpeace International. “Dirty Laundry: Unravelling the Corporate Connections to Toxic Pollution in China. Case Study 1: Youngor Textile Complex, Ningno, Yangtze River Delta. 2012.
Greenpeace International. “Toxic Threads: Putting Pollution on Parade,” December 14, 2012. Accessed April 9, 2016. http://www.greenpeace.org/international/Global/international/
publications/toxics/Water%202012/ToxicThreads02.pdf.
Textile Fashion Study. Textile Engineering and Fashion Design Blog. Top Flax Growing Countries of the World: Linen Fiber Production. July, 12, 2012. http://textilefashionstudy.com/top-flax-
growing-countries-of-the-world-linen-fiber-production/.
Yardley, Jim. “Bangladesh Pollution, Told in Color and Smell,” The New York Times, July 14, 2013. Accessed April 1, 2016. http://www.nytimes.com/2013/07/15/world/asia/bangladesh-
pollution-told-in-colors-and-smells.html?_r=0.
THE THEORETICAL INTEGRATION OF ECOLOGY AND LANDSCAPE ARCHITECTURE
Boeri, Stefano. “Five Ecological Challenges for the Contemporary City.” In Ecological Urbanism edited by Moshen Mostafavi and Gareth Doherty, HGSD, Lars Muller Publishers, 2010.
Beardsley, John. “A Word for Landscape Architecture.” Harvard Design Magazine. Fall, 2000.
Groth, Paul Erling, and Todd W. Bressi. Understanding Ordinary Landscapes. Yale University Press. 1997.
Hester, Randolph. Design for Ecological Democracy, Introduction. Cambridge, MA: MIT Press, 2006.
Kwinter, Sanford. Notes on the Third Ecology. In Ecological Urbanism, edited by Moshen Mostafavi and Garth Doherty, HGSD, Lars Muller Publishers, 2010.
Miles, Malcolm, Tim Hall and Ian Borden, eds. The City Cultures Reader. No. 3. Psychology Press, 2004.
Reed, Chris & Nina-Marie Lister. Projective Ecologies. New York: Actar Publishers and Harvard Graduate School of Design, 2014.
THE GARMENT INDUSTRY SUPPLY CHAIN
Jin, Justin. Justin”Midnight Blue.” Last modified July 20, 2007. Accessed April 9, 2016. http://www.justinjin.com/portfolio/reportage/midnight-blue/.
Jin, Justin. “There’s the Rub.” The Guardian, Last modified July 20, 2007, Accessed April 9, 2016. http://www.theguardian.com/theguardian/2007/jul/21/weekend7.weekend2.  
Kissel, Laura. “Cotton Road.” Last modified April 5, 2014. Accessed April 9, 2016. http://www.cottonroadmovie.com/about/.
Lydia Heida. “Can Waterless Dyeing Cleanup the Clothing Industry.” Yale Environmental 360. June 12, 2014.
Morgan, Andrew. “The True Cost | A Documentary Film”. Last modified August 29, 2015. Accessed April 9, 2016. http://truecostmovie.com/. 
NPR. “Planet Money’s T-Shirt Project.” Last modified December 2, 2013. Accessed April 9, 2016. http://www.npr.org/series/248799434/planet- moneys-t-shirt-project.
NPR. “What Happens When Fashion Becomes Fast Disposable and Cheap.” Last modified April 10, 2016. Accessed May 1, 2016. http://www.npr.org/2016/04/08/473513620/what-
happens-when-fashion-becomes-fast- disposable-and-cheap
Rivoli, Pietra. The Travels of a T-Shirt in the Global Economy: An Economist Examines the Markets, Power, and Politics of World Trade. (New Jersey: Wiley and Sons Inc., 2015). 
Singer, Maya. “The Clothing Insurrection: It’s Time to Take On the Fashion Supply Chain.” Vogue, April 20, 2015. Accessed April 9, 2016. http://www.vogue.com/13268385/fashion-supply-
chain-environmental-impact/.
SUSTAINABILITY WITH THE GARMENT INDUSTRY
Fiber Reactive/Low Impact Dyes. Organic Lifestyle. https://organiclifestyle.com/articles/fibre-reactive-low-impact-dyes.
Fletcher, Kate and Lynda Grose. Fashion and Sustainability: Design for Change. (London: Laurence King Publishing, 2012), 1-191.
The main premise of this book is sustainability within the fashion industry. The focus for my purposes is specific to the authors perspective on the environmental and the consumerist 
scopes.
Gullingsrud, Annie. 1st Ed. Fashion Fibers. Designing for Sustainability. February 9, 2017.
Hethorn, Janet and Connie Ulasewicz. Sustainable Fashion: What’s Next?; A conversation about issues, practices, and possibilities. (New York:Bloomsbury Publish Co., 2015), 1-416.
CASE STUDIES AND RELEVANT MATERIAL
American Apparel. Vertical Integration: Our Model. https://www.americanapparel.net/contact/vertical.html.
American Sheep Industry Association. 10 Top Wool Producing Countries. June 3, 2016. https://www.sheepusa.org/NewsMedia_WeeklyNewsletter_2016_June_
June32016_10TopWoolProducingCountries.
Asian Pacific Leather Fair (APFL). Cashmere: Brief overview of Production Areas and Quality. August 27, 2014. http://www.aplf.com/en-us/leather-fashion-news-and-blog/news/20565/
cashmere-brief-overview-of-production-areas-and-quality.
The Arcata Wastewater Treatment Plant Processes. https://www2.humboldt.edu/arcatamarsh/overview.html.
Carlisle, Stephanie. Productive Filtration: Living Systems Infrastructure in Calcutta Scenario Journal. 2013.
Carlisle, Stephanie. Productive Filtration: Living Systems Infrastructure in Calcutta Scenario Journal. Figure 3 Conventional sewage treatment as a system of processes and components. 
2013.
Carlisle, Stephanie. Productive Filtration: Living Systems Infrastructure in Calcutta Scenario Journal.  Figure 6 Flows of energy and material in and out of the East Calcutta Wetland. 2013.
Case Study 7. Appendix 3-10:3-12
http://www.tex.tuiasi.ro/biblioteca/carti/Articole/Waste_Minimisation_Guide_for_the_Textile_Industry_A_Step_Towards.pdf.
Colibri. http://www.colibridyers.com/about/.
Cotton Incorporated. http://www.cottoninc.com/
Cotton Incorporated. Textile Sourcing: Garment Dye and Wash.
http://www.cottoninc.com/product/textile-research/textile-sourcing/dye-washhouses.
Daniels, Jeff. California Drought: “LA Braces as Cotton Acreage Falls. “ CNBC. April 17, 2015. http://www.cnbc.com/2015/04/17/california-drought-la-braces-as-cotton-acreage-falls.html.
El-Nemr, Ahmed. Non-Conventional Textile Wastewater Treatment. 2012.  
Environmental Protection Agency (EPA). Wastewater Technology Fact Sheet The Living Machine. Office of Water. October 2002. https://www3.epa.gov/npdes/pubs/living_machine.pdf.
EPA. Wastewater Technology Fact Sheet: Living Machine. https://www3.epa.gov/npdes/pubs/living_machine.pdf
Food and Agricultural Organization of the United Nations. Non-wood Product Resources: 18 World Bamboo Resources.: A Thematic Study Prepared In the Framework of the Global 
Forest Resources Assessment 2005. http://www.fao.org/3/a-a1243e.pdf.
Gateway Farm Alpacas. http://www.gatewayalpacas.com/alpaca/alpaca-fiber/production-statistics.htm.
John Todd Ecological Design. 2017. http://www.toddecological.com/.
Kennan, Kate and Nial Kirkwood. Phyto: Principles and Resources for Site Remediation and Landscape Design. Glosgow, Bell and Bain Ltd., 2015. http://www.amazon.com/Phyto-Principles-
Resources-Remediation-Landscape/dp/0415814154.
Lenzing Fibers. Botanic Fibers: Tencel. http://www.lenzing-fibers.com/en/tencel/.
Levi Strauss and Co. Sustainability Guidebook. December 2013. http://www.levistrauss.com/wp-content/uploads/2016/03/LSCO-Sustainability-Guidebook-2013-December.pdf.
Li, Jan. “With sale to Canadian Firm American Apparel will be American No Longer.” Los Angeles Times. January 11, 2017. http://www.latimes.com/business/la-fi-american-apparel-
20170111-story.html
Living Machine. 2012. http://www.livingmachines.com/Home.aspx.
Ryszard Kozłowski. Handbook of Natural Fibres: Processing and Application. Woodhead Publishing. September 21, 2012. 317.
.RiverBlue. Paddle Production Inc. 2013.
Shankar , Amulya. Fascinating & Toxic - Traditional Moroccan Tanneries. Living on Earth. PRI Environmental News Magazine. October 31, 2014. http://www.loe.org/shows/segments.
html?programID=14-P13-00044&segmentID=4.
Tahir, Uruj, Azra Yasmin, Umair Hassan Khan. “Phytoremediation: Potential Flora for Synthetic Dyestuff Metabolism.”  Journal of King Saudi 
University-Science 2016 (June 27, 2015): 119-130.
Top Cotton Producing Countries in the World. World Atlas. http://www.worldatlas.com/articles/top-cotton-producing-countries-in-the-
world.html.
US trade policy since 1934. Chapter 3. 59-123. 
USC Viterbi: School of Engineering. Los Angeles Water Issue: Why It’s Not Just the Drought. https://viterbri.usc.edu/water/.
INTERVIEWS 
Colleen Clines, owner of Anchal. Interview location RISD Bayard Ewing Building. April 6, 2017.
Costas Tzanedakis owner of Colibri Dyers. Interview location Colibri Dyers, Washington New Jersey. Date April 27, 2017. 
Eugene Bernat curator of the Living Machine an Mill Village Park. Interview location Mill Village Park. Date May 9, 2017.
John Deans. Greenpeace International. Phone Interview.
Dr. Nancy Karraker. Wetland Biologist at The University of Rhode Island.
Richard Killeaney, professor in RISD’s Textiles Department. Phone Interview. April 29, 2017.
